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1.1 Cardiovascular Disease 
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Figure 1.1a: Principal causes of death in Ireland for all ages in 2003, Irish Heart Foundation, 
Reports and Position Statements [4] 

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
Figure 1.1b: Principal causes of death in Ireland in 2004 in the 0-64 age category, Irish Heart 
Foundation, Reports and Position Statements [4] 
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1.2 Minimally Invasive Procedures 
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Figure 
1.2b: 
Image of 
the distal 
end of a 
Medtronic 
“S660©” 
over-the-
wire coronary stent, image courtesy of Medtronic Vascular Ltd ©. 
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1.3 Complicated Atherosclerotic Plaques 
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2.2 Complicated Atherosclerotic Plaques 
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2.2.1 Mechanical Properties of Atherosclerotic Plaques 
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Figure 2.3: Uniaxial radial compression data for various types of plaques. Adapted from 
Topoleski and Salunke [6] using digitising extraction software (xyextract ©) 
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2.3.4 Mechanical Effects of Wire Waveguide Tip Displacement 
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Figure 2.5: Schematic of ultrasonic wire waveguide in catheter and the regions surrounding 
the longitudinal vibrating distal-tip where disruptive mechanisms can occur. 
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Distal Tip Vibration (0 – 
150 µm) @ 18 – 45 kHz 
Acoustic Streaming 
• Direct Contact Ablation 
• Cavitation 
• Pressure Waves 
Wire waveguide in 
catheter 
2.3.4.2 Acoustic Pressure Waves and Cavitation 
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2.3.4.3 Acoustic Streaming 
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2.3.5 Testing of Ultrasound Delivered via Wire Waveguide 
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2.3.5.2 Clinical Evaluation 
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2.4 Theoretical Mechanics Background 
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2.4.1 Steady-state vibration of a uniform rod 
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2.4.2 Acoustic Pressure Field around an Oscillating Sphere 
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Performance Characteristic Specification Justification 
Frequency of Operation 20-30 kHz Typical values used in clinical 
applications in the literature [7, 21, 
51] 
 
Wire waveguide diameter 
 
0.35mm -1.0mm 
Access to peripheral and coronary 
arteries, similar to standard guidewire 
dimensions and those reported in the 
literature [51] 
Wire waveguide distal-tip 
displacement  
Up to 100m peak-
to-peak 
Typical values used in clinical 
applications in the literature [7, 21, 
51] 
Wire waveguide length Up to 500mm Allow for the testing of a range of 
lengths  
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3.2 Ultrasonic Wire Waveguide Apparatus Design and Development 
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3.2.1 Ultrasonic generator and converter 
 	  
	   	 	 		 
  

 	 		
%G-+ @  ' 	..- /0 I D4MF+N  	  	
 


	 
 
			 )	
   
 	 	 )  	 	    
    
  


	

 
B
,.

	(	
	

 
 
	 
	
 
 
  	 	 	 		 
 	
 	
  	
 			)		 
#	  
		


		 
		)		

 	

	
  
		
		 				
 
	
		
	 

	
	

 
	
 	  
 
	   
 		
 		     
 
	 	 
 	 	 	 
	(	
  	 	
  	  	    
	
	
[ 
				
	 	
  
		
		
 	   
	 	( () % '   
 	 	 	
  	
	

	
		


	A= 
			

 	   
   	 
		  	 
 )
 
 	
  

	  	
 	 
 M-3N









B
,. &"	
$	








 	 
  
0	
 	 % 0
	 	
		'  
	  
	 	
				

			
 	..-/0	( 		
  		
 
B
,,MF+N
 	

	
  		    

	
 	 
	 	 	 	 
	
 	
 
A 8& 
A 
&	


@ B@ 
@ 	


(		

	(	
 (	( 
 	  
	
 	  

 
  		  
   	

	
 			 
 


3.2.2 Acoustic Horn 
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3.2.3 Wire Waveguide Design 
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3.2.3.1 NiTi Wire Waveguide 
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Tensile testing of NiTi wire waveguide 
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3.2.4 Connection of wire waveguide to acoustic horn 
	
	 
 
			


	


	


)
		
 	 
 
  
		
			


					

 	
	
		 
 

# 	 	
  
 
 	 	 	   
 	 ..- /0 
	
 	 				
	)	
$
	

	
 	 	 	 	 	
 	 	 I D4  	 	 )   		
 

	

		
	








B
,D<		
+,-  
 	!

 
 
		
	

 	
	
	



0.00E+00
2.00E+08
4.00E+08
6.00E+08
8.00E+08
1.00E+09
1.20E+09
1.40E+09
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Strain
St
re
ss
 
(P
a)
Austenitic
Transformation
Martensitic















0.00E+00
2.00E+08
4.00E+08
6.00E+08
8.00E+08
1.00E+09
1.20E+09
1.40E+09
1.60E+09
1.80E+09
0 0.02 0.04 0.06 0.08 0.1 0.12
Strain
St
re
s
s
 
(P
a
)
Cycle 1
Cycle 2
Cycle 3
B
,F=
	(	
+D  
 	!

 
 
	

	











)
					
			
 	

  
  
		 		
	 	


0
		
							
 	 		
 		
		 			
	)

3.2.4.1 Evaluation of wire waveguide connection method 
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3.2.5 Final apparatus design and housing 
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Figure 3.21: Detailed drawing of ultrasonic wire waveguide apparatus B
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4.2. Direct peak-to-peak displacement measurement 
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4.2.1. Displacement measurement technique 
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n Analytical 
Lengths (mm) 
Experimental 
Lengths (mm) 
Percentage 
Error (%) 
0 0 - - 
2 72.4 - - 
4 144.8 146 .8 
6 217.2 218 0.36 
8 289.6 288 0.55 
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Power Setting Linear Fit  
y-Intercept 
R-Squared of 
Linear Fit 
Exponential Fit 
y-Intercept 
R-Squared of 
Exponential Fit 
1.5 32.224 0.75 32.269 0.75 
2 41.114 1 41.237 0.99 
2.25 44.781 0.75 44.863 0.75 
2.5 45.781 0.75 45.861 0.75 

4.4. Displacement results along length of wire waveguide  
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5.2 Modal Analysis of Wire Waveguide 
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5.2.4 Results of Modal Analysis 
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Resonant 
Frequency 
 
Analytical 
Resonant 
Frequency 
Solution (Hz) 
Numerical Resonant Frequency Predictions (Hz) 
(% Error) 
1.0mm 0.6mm 0.35mm 
1 
 
2812.7 2813.5 
(0.03%) 
2813.5 
(0.03%) 
2813.5 
(0.03%) 
2 
 
8438.11 8440.53 
(0.03%) 
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8440.52 
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(0.03%) 
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(0.03%) 
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(0.03%) 
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5 
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(0.03%) 
25321.77 
(0.03%) 
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5.2.5 Summary of Modal Analysis 
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5.3.3 Distal-tip response of wire waveguides over a range lengths 
 
 	 	 
  	  
  
  
	
 	
 
	

  		 
	
	(	
	 
	

	

 
	
	

	  
		
 			

	(	

 	
		
=	3
:	
   
 
		 **1  
 ,+,    
 
	  -     
 
 	  *+ +D  +,-    	

 	 
 	 	 
    	      	 	 


 	
	(	

 			).,-/0		
)
	
 		 
		 



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5.3.5 Wire Waveguides with Spherical  Distal-tip Geometry 
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5.3.6 Results from harmonic response analysis 
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5.4 Coupled Fluid-Structure Model of Wire Waveguide 
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5.4.1 Acoustic Fluid-Structure Method 
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5.4.2 Fluid-structure model of spherical distal-tip 
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5.4.3 Fluid-structure model of wire waveguide with no distal-tip 
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6.2 Tapered Wire Waveguide 
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6.4 Testing Ultrasonic Wire Waveguide Apparatus on Model Materials 
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